In this paper, we were interested on the adherence influence on the dynamic behavior of the vehicle. With this intention, we based ourselves on a articulated nominal dynamic model of a ground vehicle as well as the contact tire-road.
Introduction
A vehicle is a nonlinear complex system with its kinematics and dynamic characteristics (actuators, thermal engine); moreover, and particularly in all ground, it can be subjected to many disturbances, such as changes of adherence of the ground or slope, strong gales, etc.
In this paper, one will be interested in the study of the adherence influence on the dynamic behavior of the vehicle for the various types of lanes [1] [2] [3] . For this study, we used the structure defined by the diagram of the Figure 1 . The structure is based mainly on the direct dynamic model of the physical model more precise and realistic than the bicycle model or quarter model used usually for some control purposes developed in [7] [8] [9] [10] [11] [12] and the entries such as the orders of the driver (flying, accelerating, brake), the aerodynamics effects and the road entries.
Indeed, the adherence influence represents the effects between the tire and the ground; these effects on the level of the contacts points enter in all the dynamic exchanges, which condition the handling of the vehicle. The major part of the efforts applied to the vehicle pass through the tires, which depend on the type and the carriageway surfacing. In this paper we employed the empirical formula suggested by Bakker and Pacejka [13] to describe the behavior of the tire. We will concentrate on models who take account of the factors of environment (load, nature of the roadway) or of the intrinsic properties of the tire (structure of the tire, rigidity, pressure). To represent, the tire longitudinal and side behavior in the nonlinear case, the formula of Pacejka makes it possible to define by the same basic formula the longitudinal force, the lateral force and the self-aligning torque under conditions of pure sideslip or pure braking expressed in the pneumatic reference. The parameters on which these functions depend are sideslip, longitudinal slip, the camber angle and the vertical load. If we base on the results of a test carried out for tires coefficients Pacejka measured by ARIANE within the IFSTTAR (ex LCPC 1), for the dryness and wet lanes to calculate the longitudinal and side contacts forces. This paper is organize as follows; In the second part, we present the modeling of the vehicle, in the third part, we discus and analyze the results of simulation, and an experimental validation is shown, in particular by the results of the influence of the adherence on the dynamic behavior of the vehicle. Finally, a conclusion and some prospects is given in the last part.
Vehicle Modelling

Vehicle Frame
To calculate the operational dynamic model, simplifications related to the dynamic structure of the vehicle are essential:
 The chassis is regarded as a rigid 3d body  Each wheel is regarded as a rigid disk and it is assumed to be represented by a single point of contact with the terrain surface.  The steering of the direct wheels, clearances of the suspensions and the rotation of the wheels can represent the kinematics of connection tire/road. The Figure 2 illustrates all the kinematics joints considered in the used model. -The wheels with 4 DoF represents the rotation angles of the four wheels around the fused axis ( 1 2 3 4 , , ,
The generalized coordinate's variable vector is defined by:
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The dynamic parameters considered are the mass of the chassis MS, the mass of each front wheel MRF, the mass of each rear wheel MRR, and h1and h2 is the initial length spring of the front suspension and h3 and h4 is the initial length spring of the rear suspension.
Dynamic Model
The dynamic model of the vehicle is obtained by using the approach of Lagrange based on the calculation of the kinetic and potential energy of the complete system. The motion equation of the mechanism is given by: Represent the matrix of the kinetic energy, named the inertia system matrix. It is symmetrical, definite and positive. Of these elements, are functions of the joint variables q i. The total kinetic energy is calculated by the formula:
And M (q) is given by : is established by respecting the property of passivity of the system. A way of calculating the coefficients of the matrix is to use the symbols of Christophel.
With (k=1…16,j=1..16)
The form symbolic of the matrix   , Cis given in appendix.
 
Gqis the vector of the gravity forces; It given by the gradient of the potential energy EP versus to q, The potential energy of the i-th body can be computed by assuming that the mass of the entire object is concentrated at its center of mass and is given by (6) Where g is vector giving the direction of gravity in the inertial frame and the vector ci r gives the coordinates of the center of mass of body i. The total potential energy of the 5-body of our system is therefore
So (8) 
The resolution of the mechanism movements is equivalent to solving the following numerically equation [5, 6] :
The equivalent state space representation,Let the state vector is can be written: For the case of the four-wheeled vehicle, the action of the forces of contact on each wheel is expressed by: (13) With: Oy and an angle z  at axis then one has: (14) With is the matrix of rotation of the reference frame of the wheel i whose origin is fixed at the center of the zone of contact, towards the absolute reference frame. 
Is the speed of the wheel center; R is the effective ray of the wheel: when a vertical force as applied to the tire, this one undergoes a crushing, which reduces the ray of the wheel 2.3.5. Sideslip Angle: The mathematical formulas of the sideslip angles, expressed in the reference frame related to the vehicle is given by the system (16) respectively, for the wheels: front-left, front-right, rear-left and rear-right [7] . 
Results and Analyzes
In this part, we use real entered signals of the road provided by IFSTTAR for three types of lanes (dry, wet, glaze), the vehicle rolls at a mean velocity of 50km/h.
In what follows we will represent the effect of the three tracks on the simulated dynamic behavior of the vehicle taking in account the orders of driver, the plan of the road represented by the angles of Euler Rolling-Pitching-Yaw as illustrated previously and the forces of the contacts given by the formula of Pacejeka [13] . Figure 7 illustrates the evolution of the sideslip angle of the left front steerable wheel and their longitudinal slip in time for the three types of tracks.
Effects on the Side and Longitudinal Slip
It is note that, the sideslip angle of left front wheel follows the steering-wheel angle given by Figure 6 , with a certain shift in the negative direction for the wet tracks, in the case of the two phases of steering. In the case of longitudinal slip, it is noted that the longitudinal slip almost reached 5% during the first phase of steering and then it returns to a value lower than 1% and there remains stable around this value. 
Effects on the Suspensions of the Four Wheels
The effects of three tracks on the clearance acceleration at suspensions are given by Figure 9 . It is noted that in the dry track case, the acceleration is proportional to the plan of road given by figure 5 on the other hand in the case of the wet track and glaze the acceleration of clearance in the course of time tends to increase this. This is translated by a fast increase in clearances of the suspensions. Indeed this increase influences directly the stability of the vehicle.
Effects on the Chassis
We represented here the effect of adherence on longitudinal, side and vertical acceleration of the chassis given by Figure 10 and one represented their effect on the angles of orientation of the chassis given by the angles rolling-pitching-yaw illustrated by Figure 11 . It is noticed that:
 Longitudinal acceleration, decrease with each increase of the rate of humidity.  The side and the vertical clearances acceleration increase with each increase of the rate of humidity. One can say from some remarks that the vehicle with each increase in the rate of humidity in the course of time tends to slip into the longitudinal direction and to deviate laterally with more clearances vertically. 
Conclusion
We proposed in this paper a simulator of a nominal model of the road vehicle rather near to the real physical system, which makes it possible to describe its dynamics. Consequently, we based on signals of input real of the road to describe the influence of adherence on the dynamic behavior of the vehicle. He is involved in different projects like véhicule interactif du futur (VIF) and heavy route (intelligent route guidance for heavy traffic). He is also responsible for the research project PLInfra on heavy vehicle safety and the assessment of their impacts on pavement and bridges. He has published two books, over 60 technical papers, and several industrial technical reports. His research interests include intelligent transportation systems, heavy vehicle modeling and stability, diagnosis, nonlinear observation, and nonlinear control.
